ILLUSTRATIONS

INTRODUCTION
Withdrawal of water for domestic use is the one consumptive water-use classification in Oklahoma that does not require a permit. Oklahoma statutes recognize domestic use as water used by an individual, family, or household for household purposes, for farm and domestic animals up to the normal grazing capacity of the land, and for the irrigation of land not exceeding 3 acres for gardens, orchards, and lawns. Withdrawal for domestic use should not be confused with withdrawal of water public supply, which requires a permit.
Because water-use permits are not required for self-supplied domestic use, no water-use reporting mechanism is available for this classification. Identification and measurement of the volume of water used from each of the domestic sources in Oklahoma would be impractical.
The purpose of this study was to develop a means of estimating the self-supplied domestic use by county.
Only currently available data weie used and no attempt was made to contact water users throughout the State. To estimate the self-supplied domestic use, it was necessary to determine the self-supplied population of each county and to determine the rate, gallons per capita per day, of water use by this group. The year 1980 was selected because the census for that year provided the best available population data.
DEFINITIONS
The following definitions of terms used in this report are provided to alleviate confusion.
Domestic water use:
Water used for normal household purposes, such as drinking, food preparation, bathing, washing clothes and dishes, flushing toilets, and watering lawns and gardens. The water may be obtained from a public supply or may be self supplied. It does not include stock watering or other farm uses, that are included in the Oklahoma State Statute definition.
Public supply:
Water withdrawn for all uses by public and private water suppliers and delivered to users that do not supply their own water. Water suppliers provide water for variety of uses such as domestic, commercial, industrial, and public water use.
Rural population;
The population residing outside of the corporate boundaries of Oklahoma's incorporated cities and towns.
Self-supplied water; Water withdrawn from a surface-or ground-water source by a user and not obtained from a public supply.
Urban population; The population residing within the corporate boundaries of of Oklahoma's incorporated cities and towns.
POPULATION ESTIMATES
The self-supplied domestic user population for each county was estimated from three sources. The total county population and the population of the incorporated cities and towns within the county were obtained from the 1980 census data (Oklahoma Employment Security Commission, 1981) . Information about the public supplied rural population was obtained from the report "Rural Water Systems in Oklahoma" (Oklahoma Water Resources Board, 1980) , and from the 1981 unpublished public supply water-use records on file at the Oklahoma Water Resources Board.
The urban and rural population by county as determined from the 1980 census data is listed in table 1. The average persons per household as given by the Statistical Abstract of Oklahoma for 1982 (University of Oklahoma, 1982) also is listed in table 1. A simplified division into rural and urban populations was used in this study.
Much of the population in the rural group is certainly suburban. Many of the towns included in the urban group are quite small and their residents would not consider themselves urban dwellers. However, the simplified division was adequate for this study. For this study it was assumed that the urban population (table 1) was all publicly supplied. However, the assumption that the rural population (table 1) was self supplied could not be made. Most of the 77 counties in Oklahoma have one or more rural water systems. The Oklahoma water Resources Board recently published a report containing most of the data required to estimate the rural public-supplied population (Oklahoma Water Resources Board, 1980) . Data for the population served by each of the rural water systems and the number and types of meters were obtained from this report. The report was published in September 1980 and the data probably represent 1978 and 1979 population numbers. The error introduced by population data that were 1 or 2 years earlier than the 1980 census was considered to be minimal.
A comparison of the ratio of population served to the number of residential meters indicated that many of the rural water systems estimated their population served by assuming an average of 3.0 persons per household. The data from the 1980 census (table 1) indicates that an estimate of 3.0 persons per household is biased on the high side. In many instances, it appeared that the number of reported residential meters was an estimate or a rounded number.
Because of this uncertainty, it was decided not to adjust the population-served values by the 1980 census information.
Another source of population data was the 1981 water-use data on file at the Oklahohoma Water Resources Board. The year 1981 was selected because it was the first year that population information was supplied.
Again, the error introduced by a year's deviation from the 1980 census was considered to be minimal.
The water-use reports on file at the Oklahoma Water Resources Board are only for suppliers who withdraw water and are not for suppliers who purchase water from another entity. Several public suppliers had not reported their 1981 withdrawals.
Therefore, there was not a one-to-one correspondence between the 1981 reported data and the data in the rural water-suppliers report (Oklahoma Water Resources Board, 1980) . Population data from these two sources were compared wherever it was possible. Whenever there was a major difference between the two values, the value selected was that closest to the value computed by multiplying the population per house-hold (table 1) times the number of residential meters.
After the available information was collated, a population-served value was available for each of the rural water suppliers.
In order to supply water-use data to the National Water-Use Data System, it was necessary to estimate the self-supplied population by county. Many of the rural water systems supply residential customers in more than one county.
For each of these systems, the county populations served were apportioned by the ratio of the area covered by the distribution system in each county to the area covered by the total distribution system. Maps showing the distribution systems in each county were provided in the rural water-suppliers report (Oklahoma Water Resources Board, 1980) . After the apportionments were made, the self-supplied domestic population for each county was determined and these values are listed in The rural and self-supplied domestic population percentages for each county were computed and are shown in figure 1. The urban counties, those with a rural population of 15 percent or less, had a median self-supplied population of 2 percent and had a self-supplied population range of 1 to 6 percent.
Nineteen of the seventy-seven Oklahoma counties were considered to be rural, 50 percent or more of their population live outside of incorporated towns and cities.
Of the 19 rural counties, 17 were in the eastern and southeastern part of the State.
Eleven counties that were neither urban nor rural had self-supplied populations of 10 percent or less. Those 11 counties have well-developed rural water systems.
Of the 11 counties, 4-were in the southwestern part of the State, and 7 were in the eastern one-half of the State.
Because of the method by which many of the rural water suppliers estimated their population served, the self-supplied county populations listed in table 2 probably represent minimum values.
The maps used to apportion the population served by rural water suppliers serving more than one county did not show any population distribution information. Because the apportionment was determined only by the area of the distribution systems, some error has been introduced in the county self-supplied populations. Any improvement in the accuracy of the population estimates would require an examination of the records from each supplier.
ESTIMATE OF WATER-USE RATE
The available information relating to water-use rates, gallons per capita per day (GPCD), has been developed from public water-supply data. An average GPCD of 120 for public supplies has been estimated (Steel, 1947, p.13) .
This value includes not only domestic use but also includes industrial, commercial, municipal use such as fire fighting and recreation, and system losses.
Several factors affect the per-capita water-use rate. One of the major factors is the size of the population served, with the relation generally being that as the served population increases the GPCD increases.
An attempt to quantify this relationship in a mathematical expression was made for almost complete to completely metered systems (Babbitt and Doland, 1955) . The equation developed was: 0.125 GPCD = 54 p (1) where P is the the population served. Although the equation was not developed for extemely small populations, when the 1980 average of 2.62 persons per household is used in the equation, the rate computed is 61 GPCD.
Some efforts have been made to determine domestic use from the available data by subtracting leakage estimates and all other uses. Domestic use rates in the range of 10 to 60 GPCD have been determined, but the rates generally range from 30 to 60 GPCD (Babbitt and Doland, 1955) . Therefore, the rate of 61 GPCD as computed from the equation is not an unreasonable estimate. Other factors affect the rate of domestic water use even after the effects of population size, leakage, and other uses have been considered. Of these factors, three seem to have the most effect economic status, rate structure, and metering. As the economic status of the residential consumer increases the water-use rate tends to increase because of the increased ability to afford larger homes, swimming pools, sprinkler systems, and other water-using devices.
At the same time, a number of the rate structures, including increasing block rates, peak-load rates, and seasonal rates tend to encourage conservation and decrease the water-use rate.
Finally, as the percentage of water that is metered increases versus flat-rate delivery the water-use rate decreases. Although not all of these factors relate directly to the water-use rate of the self-supplied domestic user, they provide a basis with which to examine the available use-rate data.
The rural water-supply report (Oklahoma Water Resources Board, 1980) listed water-use rate data for many of the rural water suppliers. The data represented total water use and did not distinguish between commercial, industrial, and other uses. The 1981 water-use data on file at the Oklahoma Water Resources Board provided an additional group of water-use rates for examination.
Values greater than 200 GPCD were not used because it is considered improbable that any single person would use more than 200 gallons per day.
After deleting the improbable values, 436 water-use rates remained. The frequency distribution of the 436 values ( fig. 2) shows the mode to be 60 GPCD and the median to be 75 CPCD. Three factors precipitation, cost of water delivery, and the ratio of residential meters to total meters--were examined to determine if any of them had a significant effect on the water-use rate. Precipitation was selected because of the significant range of annual precipitation in Oklahoma. The average annual precipitation ranges from about 16 inches in the extreme western Panhandle to about 56 inches in the southeast (Oklahoma Water Resources Board, 1971, p. 4-0) . Because of the range of precipitation across Oklahoma, (fig. 3 ) it was believed that there could be a relation between the water-use rate and precipitation.
However, when the data were plotted ( fig. 4-) no relation between the water-use rates and precipitation was apparent.
In general, as the cost of acquiring water for domestic use increases, this use decreases. Information on minimum delivery cost was available from the rural water-supply report (Oklahoma Water Resources Board, 1980) . For each supplier for which cost information and water-use rate data were available, the minimum cost to deliver 5,000 gallons was determined. These data were plotted ( fig. 5 ) to determine if any relationship was discernable. The data in figure 5 show that no relationship between delivery and water-use rate was indicated.
This probably is due in part to other water uses commercial, industrial, and other purposes--that are included in the water-use rates. Business use of water has a built-in resistance to decrease in use with increase in cost because of the ability to pass this cost on to the consumer. A review of the data showed that water-delivery cost also was not areally associated; that is, for any county the cost of delivery of water within that county generally included large, median, and small delivery costs. Therefore, no relation of delivery cost to domestic-water use could be developed.
The cost-of-delivery data indicated that water for commercial, industrial, and other purposes biased the available water-use rates.
To determine if this bias could be removed or decreased the ratio of residential meters to the total number of meters, R(residential), was plotted against the water-use rate. This plot ( fig. 6 ) indicated, in a general way, that the water-use rate increased as the ratio decreased. The ratio, R(residential) ranged from 0.35 to 1.00 and as this ratio approaches 1.00 the water-use rate should approximate that of domestic use.
The median water-use rate where R(residential) was equal to or greater than 0.90 was 67 GPCD. Because of the uncertainty of the data number of residential meters, number of total meters, population served, and water-use rate it was decided to use the median water-use rates from the cumulative distributions for R(residential) of 0.90 through 1.00 by 0.01 increments. The median water-use rates were determined and are plotted in figure 7 . The results of linear-regression analysis for these points were: equation, Median GPCD=100.3-37.3 R(residential); correlation coefficient (r^), -0.81; and 95-percent confidence limits, +_ 1.2 GPCD. The estimate of the domestic use from this information was 63.0 _+ 1.2 gallons per capita per day. 55  53  51  49  47  45  43  41  39  37  35  33  31  29  27  25  23  21  19  17 1 The available literature indicate that domestic-use greater than 100 GPCD are very unlikely. To account for this, the medians were re-determined after all water-use rates greater than 100 GPCD were deleted and these medians also are plotted in figure 7 . The results of regression analysis on these medians were: equation, Median GPCD=98.1-36.*f R(residential) correlation coefficient (r^), -0.69; and 95-percent confidence limits, +_ 1.6 GPCD. The estimate of the domestic-use rate from this regression was 61.7 _+ 1.6 GPCD.
A U.S. Geological Survey report (Solley, and others, 1983 ) estimated the rural-domestic water use in Oklahoma during 1980 to be 35 million gallons per day.
If this value is divided by the total rural population of 693,54-6 (table 1) the resulting domestic water use is 50.5 GPCD.
The domestic water-use rates determined in this report are summarized in the following Solley and others (1983) 50
The first three rate values in the table are biased on the high side because of the nature of the data used to develop them.
Considering the uncertainity of all the data used to determine the rates it is probable that the actual domestic-use rate is within the 50 to 63 GPCD range. The rate selected was the mid-range between the regression developed for water-use rates equal to or less than 100 GPCD, 62 GPCD, and the water-use rate developed from the water use reported by Solley, and others (1983) , 50 GPCD, which was 56 GPCD.
SELF-SUPPLIED DOMESTIC USE
The self-supplied domestic population is basically rural. Although a domestic supply may be used for other purposes, the uses considered were food preparation, personal hygiene, lawn watering, clothes washing, cleaning, and irrigation of kitchen gardens.
In addition, even though the distribution systems of domestic self-supplied users are relatively small, some leakage probably occurs and must be accounted for. Considering all of the factors, it was believed that the 56 GPCD estimate for the rate of self-supplied domestic water use would be reasonable for all of Oklahoma. Estimates of Oklahoma domestic self-supplied water use by county during 1980 are listed in table 3. 
